Abstract The present study was focused on the development of nutritionally enriched ketchup (Nutri-ketchup) from acerola and tomato and evaluation of the effect of blending and processing on physicochemical characteristics, phytonutrients retention, antioxidant activity and sensorial quality. Acerola and tomato pulps blended in various ratios viz. 100:0, 75:25, 50:50, 25:75 and 0:100 were used for the preparation of five formulations of ketchup and compared with commercially available tomato ketchup. The retention of phytonutrients varied among formulations viz. ascorbic acid-*18-29 %, anthocyanins-*17-25 %, phenolics-*11-70 %, flavonoids-*24-42 %, lycopene-*24-33 % and carotenoids-*23-34 %. Antioxidant capacity of 80 % methanol extract and ascorbic acid fraction of the formulations evaluated using DPPH and ABTS assays showed higher activity than the commercial sample. Ketchup prepared from acerola and tomato blend of 75:25 showed the best overall quality, while all the other formulations were also sensorily acceptable.
Introduction
Ketchup is the most commonly used adjunct for snacks in households and restaurants. Nevertheless, since tomato ketchup is the most commonly used ketchup, the nutritional values and apparent biofunctional properties of the ketchup is limited to the nutrients present in tomato, and it's stability after processing. Tomato is well known to be rich in lycopene, phenolics, flavonoids and a fair amount of ascorbic acid. A blend of tomato with a fruit richer in (same or other) phytonutrients could help in enriching the nutritional profile and biological activity of the ketchup.
Acerola (Malpighia emarginata DC.) also known as West Indian cherry or Barbados cherry is one such produce which can be used for the preparation of nutritionally enriched ketchup or ''Nutri-ketchup''. The fruit has gained a lot of popularity in the recent past for being one of the richest sources of ascorbic acid in the world. It is found in the region from Central America to northern South America, but is lesser-known and underutilized in India. In addition to vitamin C, the fruit also contains range of other phytochemicals like carotenoids (Rosso and Mercadante (2005) along with Mezadri et al. 2005) , anthocyanins (Brito et al. 2007; Rosso and Mercadante 2007a) and phenolics (Lima et al. 2005) . Aptly, acerola is considered a ''super fruit'' as it has an array of phytonutrients with an exorbitant amount of ascorbic acid.
Several studies have demonstrated that bioactive compounds like vitamin C, polyphenols, carotenoids and anthocyanins protect the body from oxidative stress, reducing the risk of cardiovascular diseases and some types of cancer. However, since food is a complex matrix, the potent biological activity of a product could be because of the additive and synergistic effect of phytochemicals present in it, rather than the individual bioactive components (Liu 2004 ).
Moreover, the nutritional value and other health promoting benefits that are expected from the product may vary considerably depending on the processing conditions. For instance, processing might degrade some of the phytonutrients or can also make it more bioavailable than the fresh produce. Thus, evaluation of the bioactive compounds and its attributed biological activity, individually and with its blends on processing could help in understanding the key mechanistic changes occurring during the blending and processing.
Keeping this in mind, the following objectives were framed for the present study (1) To prepare nutritionally enriched ketchup or ''Nutri-Ketchup'' with different proportions of acerola and tomato and to evaluate the retention of ascorbic acid and other phytochemicals like phenolics, carotenoids, lycopene, anthocyanins and flavonoids after processing. (2) To assess the antioxidant capacity of acerola and tomato and their blended ketchup (3) To study the sensorial attributes of the prepared ketchup.
Materials and methods

Raw material
Mature red acerola fruits were harvested from the CFTRI, Mysore campus and ripe tomatoes were purchased from the local supermarket. Tomatoes and acerola were sorted and water washed to remove the adherent dirt and residues. The fruits were pulped separately and used for the ketchup preparation. Pulped tomato was concentrated and used for ketchup preparation. Acerola and tomato pulp used in the study were designated as W and T respectively.
Ketchup preparation
Acerola and tomato pulps were blended in various ratios viz. 100:0, 75:25, 50:50, 25:75 and 0:100 to prepare five formulations of ketchups. Ketchup were prepared according to standard FPO specifications. In brief, both the pulps were blended in required ratios and sugar was added to it. The blends were then heated on a hot plate, with continuous stirring, until the mixture reached the desired temperature of 80°C. Subsequently, a muslin cloth bag with species mix was added and stirred with the blend. Heating was continued until the mixture was concentrated to the TSS content of 30°Brix. Then, pectin, salt and acetic acid were added to the mixture, and heated until a TSS of 35°Brix was obtained. While still hot, ketchup samples were poured into a glass jar, sealed with screw caps, and stored at ambient temperature, before analysis. Since acerola is more acidic than tomato, based on the sensory evaluation of the initial trials, the sugar content in acerola ketchup was doubled and acetic acid was reduced by 25 % as compared to the tomato ketchup. Likewise, the proportional ratios of sugar and acetic acid were maintained in all the blended ketchup of acerola and tomato. The ketchup were labeled as follows:
1. K1-100 % acerola pulp 2. K2-75 % acerola pulp and 25 % tomato pulp 3. K3-50 % acerola pulp and 50 % tomato pulp 4. K4-25 % acerola pulp and 75 % tomato 5. K5-100 % tomato pulp
The final TSS of all the samples ranged between 35 and 38°Brix and the respective yields of the ketchup were viz. K1-53 %, K2-44.37 %, K3-38 %, K4-36 %, K5-31 %. These ketchup were compared with a commercially available tomato ketchup (arbitrarily named C), purchased from the local market.
Physicochemical parameters
Total soluble solids (TSS) of the samples were analyzed using a digital refractometer (model, RX 5000, ATAGO, Japan). Titratable acidity, total ash and moisture content were determined by standard methods (AOAC 2000) . pH was measured using a digital pH meter (Model APX 175 Control Dynamics Ltd., Bangalore, India).
Color measurement
Hunter color values were measured using Shimadzu Color Measuring System (Model no. Labscan-XE, Hunter Associates Laboratory, USA). The color values were expressed as L, a and b where L = lightness, a (?) = redness, a (-) = greenness, b (?) = yellowness, and b (-) = blueness.
Ascorbic acid estimation by HPLC-PDA-MS
For extraction of ascorbic acid, five grams of samples were mixed with 20 ml of 3 % metaphosphoric acid and 5 ml each of methanol and acetic acid. The mixture was homogenized for 2 min and then centrifuged, so as to use the supernatant for estimation. Samples were filtered through 2 lm membrane filter (Millipore, USA) and suitably diluted with mobile phase, before injection. Samples were analyzed by HPLC, using a Waters Alliance 2695 HPLC equipped with an auto sampler, degasser and coupled with a Waters 2695 photodiode array detector and a Q-TOF Ultima TM mass spectrometer, utilizing the electrospray ionization (ESI-MS) interface (Waters Corporation, Manchester, UK). The chromatographic separation was performed using C18 reverse phase column (Grace Smart; 250 9 4.6 mm i.d. 350°C, Cone gas: 50 L/h and desolvation gas: 500 L/h. Data acquisition and processing were performed using MassLynx TM 4.0 software (Micromass). The content of ascorbic acid in the samples were determined by using standard ascorbic acid (SRL, 99.7 % purity) curve.
Total Phenolics and flavonoids content 10 g of the samples was extracted with 80 % aqueous methanol. In brief, the weighed samples were kept on the orbital shaker for 1 h and then centrifuged (Model: REMI CPR 24 Plus) at 6440 g for 20 min. The samples were filtered, and extraction was repeated twice. The pooled extracts were used for further analysis.
Total phenolics (GAE mg/100 g) were determined colorimetrically by Folin-Ciocalteu's method as described by Singleton and Rossi (1965) .
Total flavonoids (CAE mg/100 g) were determined by aluminum chloride calorimetric assay as described by Zhishen et al. (1999) .
Total anthocyanins content
Total monomeric anthocyanin contents of the samples were determined using the pH-differential method described by Giusti and Wrolstad (2001) . For the extraction of anthocyanins, 10 grams of samples were extracted in 0.1 % acidic methanol. The extracts were diluted in buffers KCl (0.025 M, pH 1.0) and CH 3 COONa (0.4 M, pH4.5) and absorbance was then measured at 510 and 700 nm. Anthocyanin content was calculated based on cyanidin-3-glucoside, with molecular weight of 449.2 g/mol and extinction coefficient of 26,900 M -1 C -1. Final anthocyanins concentration was expressed in mg/100 g.
Total Carotenoids and lycopene content
A known weight of sample was repeatedly extracted in acetone, which was further phase separated in petroleum ether to obtain the pigment. The absorbance of the petroleum ether extract was taken at 452 and 503 nm for total carotenoids and total lycopene estimation respectively. The readings obtained were substituted in the formula described by Rekha et al. (2013) .
Antioxidant capacity
The antioxidant capacity of the samples were measured by two methods, the DPPH radical scavenging ability and 2,2 0 -azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) decolonization assay. The sample used for ascorbic acid estimation (named ascorbic acid extract) and 80 % aqueous methanol extract was used for the antioxidant activity.
DPPH free radical scavenging activity
The free radical scavenging activity of the samples was measured using the stable free radical DPPH according the method explained by Zhou and Yu (2004) with slight modifications. Various concentrations of the extracts adjusted to the final volume of 1 ml with methanol were mixed with 2 ml of 1 mM DPPH solution and incubated in dark for 20 min. The changes in absorbance of the samples were taken at 517 nm. The free radical scavenging activity of the DPPH radical was calculated using the following equation:
where Ao is the absorbance of the control reaction and As is the absorbance in the presence of the sample. IC 50 was calculated from the concentration versus scavenging activity curve.
ABTS free radical scavenging assay
The ability of the samples to scavenge the ABTS Á? was measured using the method of Re et al. (1999) , with few modifications. ABTS was dissolved in deionized water to 7 mM concentration, and 2.45 mM potassium persulphate was added to it. The reaction mixture was left overnight (12-16 h) at room temperature in the dark before use. The resultant intensely colored ABTS radical cation was diluted to an absorbance of 0.70 ± 0.02 at 734 nm. Different concentrations of the test samples were made up to 0.3 ml with water, and added 2.7 ml of ABTS Á? solution to the reaction mixture. The solution was allowed to stand for 6 min and absorbance taken at 734 nm. Trolox, a water soluble Vitamin E analog, was used to prepare the standard curve and the activity was reported as trolox equivalent antioxidant capacity (lM TEAC/g).
Sensory evaluation
Sensory analysis was carried out using Quantitative Descriptive Analysis (QDA). It comprised of 15 cm scale anchoring at low (1.25 cm) or detection threshold and high (13.75) or saturation threshold. The intensity of each particular descriptor was quantified on the structured scale.
Evaluations were conducted under white light, with the booth area maintained at temperature 22 ± 2°C and RH 50 ± 5 %. A suitable score card was developed using ''Free-Choice Profiling'' method selecting appropriate terminologies. Mean samples were calculated and plotted against the attributes.
Electronic nose analysis
Electronic nose analysis was carried out under the following conditions: Acquisition time: 120 s, Acquisition period: 0.5 s, Delay: 100 s, Start injection: 0 s, Injection time: 60 s, Headspace generation time: 120 s, Zero air flow: 150 ml/min. Samples were taken in vials and carried by a stream of zero air to the sensor chamber. The sensor of E-nose primarily measured the change in voltage because of the presence of volatile odorous molecules, and the responses were then utilized by the data with a preprocessor, which is analogous to olfactory bulb in the human olfactory region.
Statistical analysis
Three replicates of each sample were used for statistical analysis and reported as the mean ± standard deviation. One way ANOVA followed by Tukey-kramer multiple comparisons post hoc test (p [ 0.05) was performed using GraphPad Instat 3 software.
Results and discussion
Physicochemical characteristics
Physicochemical characteristics of the samples are presented in Table 1 . The total soluble solids and titrable acidity was found to be 7.2°Brix & 0.90 in acerola and 4.4°Brix & 0.26 in tomato. The TSS of the blended ketchup ranged between 35-38°Brix as compared to the commercial ketchup with 38°Brix. The pH of acerola and tomato was found to be 3.6 and 4.4 respectively. Although there was a slight variation in the values of pH and acidity in the formulated ketchup, the pH ranged between 3.25 to 3.76 and acidity was in the range of 1.36 to 1.74. The moisture content of acerola was 91.39 % and that of tomato was 94.80 %. The loss of moisture was found to be around 40 % in all the ketchup samples. Ash content of was found to be 0.16 and 0.24 % in acerola and tomato respectively. In blended ketchup samples, the ash content ranged from 1.81 to 3.37 % as compared to the commercial sample of 2.95 %. The physicochemical constituents of acerola and tomato were found out to be in the range of the earlier (Cavalcante et al. 2007; Kaur et al. 2006; Freitas et al. 2006) .
Color values
The Hunter color values are presented in Table 2 . Acerola ketchup (K1) had a maximum value of lightness ''L'' and the commercial sample (C) had the least. In general, as the content of tomato pulp was increased in the ketchup a linear decrease in ''L'' value was observed, which could be due to the addition of tomato pulp containing lycopene. The value for redness ''?a'' redness of the formulated ketchup ranged between 25.82 ± 0.24 to 28.43 ± 0.14. The redness of the ketchup with 100 % tomato pulp (K5) was comparable to the commercial sample (C). A 17.46 % reduction in redness was observed in the acerola ketchup (K1) as compared to acerola pulp (W), which could be due to the degradation of anthocyanins pigment during processing. On the contrary, tomato ketchup (K5) had an 18.44 % increase in the ''a'' value as compared to its pulp (T). The increase in the redness of the sample K5 could be due to the stability of lycopene and its improved extractability on processing. Yellowness (indicated by ''?b'') was found to be maximum in K1 (100 % acerola pulp), followed by a linear decline in K2, K3 and K4 formulation.
Phytonutrients retention
Ascorbic acid
HPLC-PDA coupled with MS in ESI negative mode of the samples showed a single peak at 2.93 min with m/z of 175.3 (M-H) and lambda maximum of 245.3 nm. As depicted in Fig. 1d , on fragmentation a major product ion was found at m/z 115.3, which could be due the loss of C 2 H 4 O 2 neutral ion from the parent ascorbic acid molecule upon electron delocalization in the five membered heterocyclic ring (Kanawati et al. 2011) . The ascorbic acid content in the acerola and tomato pulp was found to be 19,432.74 ± 561.59 mg/100 g and 197.49 ± 16.50 mg/ 100 g respectively on dry weight basis. Considering the respective values on the fresh weight basis (i.e. 1707.28 ± 68.2 and 10.87 ± 1.2 mg/100 g), the ascorbic acid content was found be in the range of reported literature values (Abushita et al. 2000, Vendramini and Trugo 2000) . The content of vitamin C in the samples are shown in Fig. 2a . The loss of ascorbic acid during processing was high in the range of *71 to 82 %. K1 had a maximum retention of ascorbic acid (*29 %), while K3 had the least (*18 %). Gahler et al. (2003) reported that, the preparation of tomato sauce and tomato soup did not affect the contents of Vitamin C, when the results were calculated based on the fresh matter but showed a decrease based on dry matter calculations. In a different study by Abushita et al. (2000) , around 50 % of the vitamin C was found to be lost during thermal processing of tomatoes. Loss of ascorbic acid occurs primarily by the chemical degradation that involves oxidation of ascorbic acid to dehydroascorbic acid, followed by hydrolysis to 2,3-diketogluconic acid and further polymerization to form other nutritionally inactive products. The reduction of ascorbic acid in the ketchup as compared to the fresh pulp could be due to heat processing which is known to speed up the oxidation process of ascorbic acid (Dewanto et al. 2002) .
Total phenolics and flavonoids
The phenolic content in acerola was found be 8970.82 ± 363.64 mg/100 g DW (equivalent to 772.5 ± 31.11 mg/ 100 g FW), which is in concurrence with the findings of Lima et al. (2005) . The content of phenolics in tomato (i.e. 27.63 ± 1.6 mg/100 g FW and 531.21 ± 31.16 mg/100 g DW) was also found out be on par with the reported values by Martinez-Valverde et al. (2002) . A marked decrease of *89 and *77 % in phenolics of was observed in ketchup prepared solely from tomato (K5) and purely from acerola (K1) respectively. The breakdown of phenolics during cooking might have led to this reduction (Crozial et al. 1997) . However, as presented in Fig. 2b , ketchup prepared by addition of both the pulps i.e. K2, K3 and K4 had significantly lesser reduction of *41, *30 and *53 % respectively. Similar protective effect of apple phenolics (flavanols) by blackcurrant juice has been reported by Oszmianski and Woidylo (2009) . Turkmen et al. (2005) reported a loss of phenolics during cooking in squash, peas and leek and an increase in phenolics in green beans, pepper and broccoli. The flavonoid content of acerola (84.1 ± 2.19 mg/100 g FW), was found to be more than the literature value (Oliveira et al. 2011 ). The differences may be due to the variation in the stage of maturity, genotype, climatic factors and method of determination (Vendramini and Trugo 2000) . Nevertheless, in tomato, the flavonoid content was found to be in the range reported by Slimestad et al. (2008) . As shown in Fig. 2c an approximate reduction of *75 % flavonoid was found in the K1, K2 and K3. However, K4 and K5 had *64 and *58 % reduction respectively, implying that the flavonoids present in tomato are less prone to degradation during processing, as compared to that of acerola. Similar results have been reported by Dewanto et al. (2002) , wherein they found that thermal processing did not affect the flavonoid content in tomatoes.
Total anthocyanins
The anthocyanin content of 25.98 ± 0.45 mg/100 g FW (or 301.73 ± 5.26 mg/100 g DW) was found in acerola which was comparable to the values reported by Brito et al. (2007) . As presented in Fig. 2d a considerable loss of around *75-83 % anthocyanins was observed in the K1, K2 and K3. The loss of anthocyanins was comparatively less in K4 (*75 %), which had only 25 % of acerola pulp. Such a high loss of anthocyanins could be because of it's high sensitivity to factors such as light, pH, temperature, presence of oxygen and enzymes (Falcao et al. 2009 ). Here, the loss was obvious because high temperature for prolong duration was employed during ketchup preparation. Rosso and Mercadante (2007a) reported that the high concentration of ascorbic acid is the primary cause of the low stability of the acerola anthocyanins. Therefore, a relatively high concentration of ascorbic acid in the acerola ketchup could also be a possible reason for the anthocyanins instability and degradation. Rosso and Mercadante (2007b) reported that the addition of sugar and salt had a negative impact on the stability of acerola anthocyanins. Therefore, that could also have an added reason for the low stability of the anthocyanins in the ketchup.
Total carotenoids and lycopene
Acerola had 2.61 ± 0.15 mg/100 g FW (or 30.63 ± 0.48 mg/100 g DW) and tomato had 4.479 ± 0.19 mg/ 100 g FW (or 86.13 ± 0.15 mg/100 g DW) of carotenoids. Lycopene was the major carotenoid present in tomato (84.95 ± 0.26 mg/100 g).
As exhibited in Fig. 2 shows loss of *66-76 % carotenoid and lycopene content in all the formulated ketchup. Sharma and Maguer (1996) reported a 20 % loss of lycopene content in the heated tomato pulp. Capanoglu et al. (2008) showed a 32 % decrease of lycopene in tomato paste. The loss of lycopene in the ketchup could be due to the heat exposure during processing which promotes degradation of lycopene via oxidation and isomerization (Srivastava and Srivastava 2015) . In case of acerola, Mezadri et al. (2005) reported a decrease of 17 % carotenoid content in pasteurized concentrated acerola juice with respect to the frozen pulp. Since the time and temperature conditions used during processing can cause variability in the carotenoid content (George et al. 2011) , the greater loss incurred during ketchup preparation is justifiable, as the processing of pulp for ketchup requires high-temperature heating for longer time. In contrast to our findings, Abushita et al. (2000) measured an increase of 36 % for lycopene in the preparation of tomato paste. This increase could be attributed to the difference in the thermal treatment applied, which made them more readily extractable from tomato matrix in the solvent assisted extraction (George et al. 2011 ).
Antioxidant activity
Righetto et al. (2005) reported that the antioxidant activity of the acerola juices depended on the synergistic action of the constituents of the different fractions, with most important being phenolic compounds and vitamin C. Hence, in the present study the ascorbic acid extract i.e. sample used for estimation ascorbic acid and 80 % methanol extracts were used for the determination of antioxidant capacity.
The results of DPPH and ABTS scavenging activity of acerola and tomato pulps and their blended ketchup are presented in the Table 3 . The DPPH scavenging activity of the ascorbic acid extract and 80 % methanol extract of acerola was found to be maximum while the least was found in both the tomato extracts. In general, as the blending proportion of the acerola was increased in the ketchup, the scavenging activities of both the extracts were also proportionally increased. The scavenging activity was found to be in the following order:
In acerola, the antioxidant value of ascorbic acid extract was found to be more than the 80 % methanol extract. However in tomato, the scavenging activity of 80 % methanol extract was found be more than that of the ascorbic acid extract. Mezadri et al. (2008) reported that the contribution of ascorbic acid to the hydrophilic antioxidant activity in acerola fruits, commercial pulps and juices ranged between 40 to 83 %, while the remaining activity were due to polyphenols, mainly phenolic acids.
ABTS scavenging activity results showed that K1 had more antioxidant activity than W. The scavenging activity of the ascorbic acid extract was in the following order:
While for the 80 % methanol extract the order was:
The difference in the ABTS and DPPH antioxidant activity could be due to difference in the scavenging action between the two different radicals i.e. ABTS and DPPH.
Sensory analysis
Sensory analysis of the ketchup samples were carried out based on 16 suitable attributes collected during preliminary sessions of the evaluations as described in Fig. 3a . Results showed that the brick red color varied significantly among ketchup samples. K1 and K2 were lighter in color, nevertheless, it was found to be appealing. Since K1 had 100 % acerola pulp and K2 had 25 % tomato pulp, the difference could be obviously due to the relative lack of lycopene content and the loss of anthocyanins during ketchup preparation. There were no significant (p \ 0.05) differences among samples for homogeneity, however phase separation was observed for C and K5. Considerable differences were seen among the ketchup samples for spreadability, wherein K5 and C had a high score for spreadability and K2 and W were found to be less spreadable in nature. K1 scored the best for body attribute of 7.9, and C scored the least of 4.0. As C, K5 and K4 had significant tomato pulp content, the tomato aroma was very obvious in them. The sweet taste was perceived slightly in samples K5 and C. There was negligible difference among samples for spicy aroma, onion-like aroma, vinegar-like aroma, sour and salt taste. However, cinnamon-like note was more in K1, K2 and K3 (i.e. 6.5 & 6.9) and lesser for K5 and C (i.e. 3 and 3.2). Although an equal amount of spice mix, including cinnamon was used for all the formulations, the high values of cinnamon like aroma in K1, K2 and K3 could be due to synergistic influence of complex aroma of acerola pulp in the ketchup. None of the ketchup had any significant pungency note. The overall quality was very high i.e. more than 11 for all the samples. Sample K2 (acerola and tomato blend of 75:25) had the best overall quality of 12.1, which was found to be more than the commercial sample of 11.5. In a different study, Kumar and Ray (2016) reported that ketchup prepared from 50 % tomato pulp and 50 % mushroom pulp was organoleptically preferred over other blends. Overall acerola ketchup and it's blends had high acceptance, with desirable sensory attributes.
Electronic nose
Electronic nose analysis is shown in Fig. 3b . Principal Components-PC1 and PC2 together showed high variance, indicating there was a good fit. Results showed discrimination between the samples. K1 and K2 were found in the same quadrant indicating a similar pattern of matching among them. The results were further correlated with sensory analysis, which showed more cinnamon-like aroma in W and K2. Similarly, samples K4, T and C having more of tomato pulp, fell in another quadrant, showing similar aroma pattern. These results further reflected in sensory analysis results, indicating these three samples had more tomato like aroma. Sample K3, having equal pulp content of tomato and acerola was found to be segregated from the other samples. The distribution of formulations in different quadrants could be due to the difference in the aroma profile of the tomato and acerola pulp used in the present study.
Conclusion
The blending and processing of acerola and tomato to prepare ketchup, led to variation in retention of phytonutrients among formulated ketchups. The retention of phytonutrients among samples were ascorbic acid (18-29 %), anthocyanins (17-25 %), phenolics (11-70 %), flavonoids (24-42 %), lycopene (24-33 %) and carotenoids (23-34 %). K1 had a maximum retention of total ascorbic acid (*29 %) while K3 had the least retention of *18 %. K5 showed the maximum retention of total flavonoids, carotenoids and lycopene. The ketchup formulation containing 75 % acerola and 25 % of tomato i.e. K2 showed the best overall quality while all the formulations were found to be acceptable. Compared to the commercial sample, all the Ketchup formulations were found to be nutritionally superior, with additional phytonutrients in it.
Although, the present study will help in the understanding of key quantitative alterations of phytonutrients occurring due to blending and processing, still further work is required to demonstrate the changes occurring in individual phytonutrients & its metabolites.
